Introduction {#s1}
============

According to many epidemiological studies, tight glycemic control is associated with a lower risk of the onset and progression of microangiopathy or macroangiopathy. In Japan, it is recommended to aim for a hemoglobin A1c (HbA1c) \< 7.0% (National Glycohemoglobin Standardization Program (NGSP)) for prevention of microangiopathy. While strict glycemic control is required, adherence to treatment also needs to be considered because patients remain on medication indefinitely. It has been reported that treatment with a combination drug (CD) is effective for improving adherence to medication and many studies have already demonstrated better adherence in patients with hypertension (HT) receiving CD therapy. Good adherence to antihypertensive medication significantly improves blood pressure (BP) control and reduces the risk of cardiovascular disease \[[@R01]-[@R03]\], while simplifying medication and reducing the dosing frequency by switching to a CD was also reported to significantly improve BP \[[@R04], [@R05]\]. However, few CDs are available for treatment of diabetes mellitus (DM), and their effects have not been examined as often as those of CD for HT.

The first CD containing alogliptin (AG), a selective dipeptidyl peptidase-4 inhibitor (DDP4I), and pioglitazone (PG), a thiazolidinedione (TZD), was released in Japan in 2011. Since DPP4Is are rarely associated with hypoglycemia because insulin secretion is promoted in a blood glucose-dependent manner and also does not cause weight gain, these drugs have the advantage of being easily prescribed by non-specialist doctors, even though long-term evidence is insufficient. PG improves insulin resistance by targeting peripheral tissues such as fat and muscle, and evidence that it prevents macroangiopathy has been provided by studies such as the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive Study) \[[@R06]\]. PG is considered to increase adiponectin secretion from fat tissue, and it acts directly on the peroxisome proliferator-activated receptor γ (PPARγ) expressed by macrophages that is involved in activation of cholesterol transport \[[@R07]\]. The combination of AG with PG can improve impaired insulin secretion and insulin resistance, which are the two major contributors to type 2 DM, and is also expected to improve adherence to treatment. Several CDs containing a DPP4I and a sodium-glucose cotransporter-2 inhibitor (SGLT2I) have become available recently, suggesting that the role of such drugs in managing DM is likely to be reassessed.

Accordingly, we examined improvement of glycemic control by this CD containing AG + PG, as well as its usefulness for promoting medication adherence and facilitating the routine management of type 2 DM.

Methods {#s2}
=======

This was a multicenter open-label prospective study. The subjects were outpatients with type 2 DM who were under management by doctors of the Chikushi Cardiovascular Disease Clinical Research Network (Chikushi-JRN), for which Fukuoka University Chikushi Hospital and our hospital are the base hospitals, and whose HbA1c (NGSP) was not controlled to \< 7.0% despite treatment with a DPP4I. The exclusion criteria were as follows: age \< 20 years, severe DM, type 1 DM, recent serious illness, a history of drug hypersensitivity, females who were possibly pregnant, and patients who were considered ineligible by the treating doctor for other reasons. In type 2 DM patients who had been on DPP4I therapy for 1 month or more, PG was added at 15 mg/day (first point). When the safety of adding PG was confirmed after 1 - 3 months, the DPP4I and PG (15 mg/day) were switched to the CD containing AG 25 mg + PG 15 mg ([Fig. 1](#F1){ref-type="fig"}). We defined the time when PG was added to the DPP4I as the first point, and the time when the DPP4I and PG were switched to the CD 1 - 3 months later as the second point. In addition, the time 3 months after switching to the CD was defined as the final point. We examined the BP, pulse rate (PR), body weight (BW), HbA1c, lipid profile, adverse reactions, and adherence at these three time points. To evaluate adherence, patients completed a questionnaire about their use of medications. PG has been reported to improve nonalcoholic steatohepatitis (NASH), which is a non-alcoholic fatty liver disease (NAFLD) associated with advanced fibrosis. A decrease in the platelet count and an increase in fibrotic markers occurred in NASH. Accordingly, we examined the effect of switching to the CD on the fibrosis-4 (FIB-4) index, which is a screening marker for predicting the progression of hepatic fibrosis \[[@R08]\]. Concomitant drugs other than the DPP4I and PG were continued without changing the dosage. The study was discontinued if glycemic control was inadequate after addition of PG, if severe hypoglycemia occurred, if it was difficult to continue the investigation due to an adverse event, if adherence to treatment was poor, or if the study doctor considered discontinuation to be appropriate for other reasons.

![Study design (CHAT-LIO). CHAT: CHikushi Anti-Diabetes Mellitus Trial; LIO: LIOvel; DPP4I: dipeptidyl peptidase-4 inhibitor; HbA1c: hemoglobin A1c; DM: diabetes mellitus; PG: pioglitazone; AG: alogliptin.](jocmr-11-089-g001){#F1}

Target number of subjects {#s2a}
-------------------------

It was assumed that adding PG to a DPP4I would increase the rate of achieving HbA1c \< 7.0% to 30%, with approximately half of the improvement being due to the placebo effect. When the power of detection was set at 90% and the level of significance at P \< 0.05, the target number of subjects was calculated to be 160. The study period was from the date of approval by the Institutional Review Board in March 2013 to March 31, 2014.

Statistical analysis {#s2b}
--------------------

Statistical analysis was performed at Fukuoka University using the IBM SPSS Statistics 23 package. To assess the significance of differences, we used the *t*-test for variables with a normal distribution with Levene's test when variance was equal and Welch's test when variance was not equal. For items where variables did not show a normal distribution, we examined changes over time by using the Wilcoxon signed-rank test. Numerical data are presented as the mean (standard deviation: SD), median (interquartile range: IQR), or frequency (proportion). In all analyses, P \< 0.05 was considered significant.

Informed consent {#s2c}
----------------

This study was approved by the Ethical Committee of Fukuoka University Chikushi Hospital (approval number: R13-006). Written informed consent was obtained from all of the patients who participated. All of the researchers conducted the study in accordance with the Declaration of Helsinki.

Results {#s3}
=======

A total of 20 patients were registered, and 19 patients completed the study. One subject experienced an adverse event (leg pain) after starting PG treatment, after which PG was discontinued and the subject withdrew from the study. The adverse reaction observed in this subject was mild and transient, and did not require additional treatment. Averages of observation period, investigation period and CD period were 342 ± 313, 91 ± 42 and 92 ± 41 days, respectively.

[Table 1](#T1){ref-type="table"} lists the characteristics of the patients at the first point. There were more men (69%) than women, and the body mass index (BMI) was slightly high at 26.3 ± 4.5 kg/m^2^. Many of the subjects (47%) were taking sulfonylureas at enrollment.

###### Patient Characteristics at the First Point (n = 19)

  ------------------------------------ ------------
  Age, years, mean (SD)                61 (13)
  Sex, male, n (%)                     13 (68)
  BMI, kg/m^2^, mean (SD)              26.3 (4.5)
  Hypertension, n (%)                  12 (63)
  Dyslipidemia, n (%)                  9 (47)
  Hyperuricemia, n (%)                 2 (11)
  Ischemic heart disease, n (%)        5 (26)
  Cerebrovascular disease, n (%)       2 (11)
  Smoking, n (%)                       11 (61)
  Drinking alcohol, n (%)              11 (61)
  HbA1c (%)                            8.2 (1.3)
  Sulfonylurea, n (%)                  9 (47)
  Biguanide, n (%)                     3 (16)
  Alpha-glucosidase inhibitor, n (%)   1 (5)
  Insulin, n (%)                       0 (0)
  Statin, n (%)                        6 (32)
  Fibrate, n (%)                       1 (5)
  Ezetimibe, n (%)                     3 (16)
  ------------------------------------ ------------

n: number of patients; SD: standard deviation; BMI: body mass index.

[Table 2](#T2){ref-type="table"} shows the DPP4Is used by the subjects at the first point. Approximately half of them were taking vildagliptin.

###### DPP4Is Used by Patients at the First Point (n = 19)

                 Dose (mg)   n
  -------------- ----------- ---
  Alogliptin     25          4
  Linagliptin    5           1
  Sitagliptin    50          2
                 100         3
  Vildagliptin   100         9

[Figure 2](#F2){ref-type="fig"} displays the changes in BP and PR over time. When BP and PR were compared among the first point, second point, and final point, no significant changes were observed.

![Changes in BP and PR (n = 19). The changes in BP and PR during the study are presented. BP: blood pressure; SBP: systolic BP; DBP: diastolic BP; PR: pulse rate; bpm: beats per minute; NS: not significant; \*: compared to the first point.](jocmr-11-089-g002){#F2}

[Table 3](#T3){ref-type="table"} details the laboratory test results obtained during the study. Compared to the first point, the white blood cell count (WBC), aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γ-GTP) and fasting blood glucose (FBG) were significantly lower at the second and final points, while alkaline phosphatase (ALP) and triglycerides (TGs) were also decreased, but not significantly. At either the second or final point, Hb, lactate dehydrogenase (LDH), and HbA1c showed a significant decrease, while high-density lipoprotein cholesterol (HDL-C) was significantly increased. A significant change in the FIB-4 index was not observed.

###### Changes in BW and Laboratory Data (n = 19)

                                      First point   SD, IQR    Second point   SD, IQR    P value    Final point   SD, IQR    P value
  ----------------------------------- ------------- ---------- -------------- ---------- ---------- ------------- ---------- ---------
  BW, kg, mean (SD)                   68.4          13.1       69.0           13.1       NS         68.0          13.2       NS
  WBC, 10^3^/µL, mean (SD)            6,460         1,236      5,420          1,264      \< 0.05    5,580         992        \< 0.05
  Hb, g/dL, mean (SD)                 14.2          1.1        13.6           1.0        0.06       13.5          1.1        \< 0.05
  PLT, 10^4^/µL, mean (SD)            21.5          5.8        20.3           4.6        NS         21.6          5.8        NS
  Alb, g/dL, mean (SD)                4.3           0.2        4.2            0.2        NS         4.2           0.3        NS
  T-bil, mg/dL, mean (SD)             0.7           0.2        0.7            0.2        NS         0.6           0.2        \< 0.05
  AST, U/L, median (IQR)              36            26 - 51    30             23 - 35    \< 0.05    29            23 - 31    \< 0.01
  ALT, U/L, median (IQR)              33            26 - 58    26             20 - 33    \< 0.05    27            22 - 30    \< 0.01
  LDH, U/L, mean (SD)                 200           34         220            29         \< 0.005   216           31         NS
  ALP, U/L, mean (SD)                 230           48         202            43         0.09       190           32         0.07
  γ-GTP, U/L, median (IQR)            43            25 - 71    24             20 - 48    \< 0.05    23            19 - 44    \< 0.01
  CK, U/L, mean (SD)                  116           42         146            75         NS         146           82         NS
  eGFR, mL/min/1.73 m^2^, mean (SD)   95            18         88             16         NS         76            16         0.096
  FBG, mg/dL, mean (SD)               195           74         148            43         \< 0.01    146           48         \< 0.05
  HbA1c, %, mean (SD)                 8.2           1.3        7.4            1.1        \< 0.05    7.3           1.1        0.06
  LDL-C, mg/dL, mean (SD)             78            35         86             23         NS         80            20         NS
  HDL-C, mg/dL, mean (SD)             54            14         60             13         \< 0.01    54            13         NS
  TG, mg/dL, median (IQR)             122           94 - 396   115            82 - 174   0.07       111           75 - 227   0.051
  UA, mg/dL, mean (SD)                4.8           1.0        4.4            1.2        0.08       5.3           1.4        NS
  FIB-4 index, mean (SD)              1.77          0.55       1.70           0.64       NS         1.81          0.82       NS

BW: body weight; WBC: white blood cell count; Hb: hemoglobin; PLT: platelet count; Alb: albumin; T-bil: total bilirubin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate dehydrogenase; ALP: alkaline phosphatase; γ-GTP: γ-glutamyl transpeptidase; CK: creatine kinase; eGFR: estimated glomerular filtration rate; FBG: fasting blood glucose; HbA1c: hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides; UA: uric acid; IQR: interquartile range; FIB-4: fibrosis-4.

[Table 4](#T4){ref-type="table"} shows adherence to medication during the study. There were no significant changes in the percentage of subjects who remembered to take their medication.

###### Changes in Adherence to Medication (n = 19)

                  First point   Second point   Final point   Wilcoxon singed-rank test among each point
  --------------- ------------- -------------- ------------- --------------------------------------------
  Adherence (%)   82            94             78            NS

NS: not significant.

Discussion {#s4}
==========

Major findings include: 1) No serious adverse events were reported; 2) There were no significant changes in BP or PR during the study; 3) Compared with before switching to the CD (first point), there was a significant decrease in WBC, AST, ALT, γ-GTP, and FBG at the second and final points, as well as a significant decrease in Hb, LDH, and HbA1c at either point and a significant increase in HDL-C; 4) A significant change in the FIB-4 index was not observed; 5) There was no significant improvement of adherence to medication; 6) No serious complications were reported and the safety of this CD was confirmed, and 7) Only 20 subjects were enrolled in this study (one subject discontinued), which was far short of the target number of 160.

Many subjects switched from vildagliptin in this study, possibly because vildagliptin is administered twice daily and patients wished to switch to a once-daily drug.

An antihypertensive effect of TZDs has been shown by various clinical studies, including the PROactive study \[[@R06], [@R9]\], and the mechanism is thought to involve rennin-angiotensin-aldosterone system (RAAS) blockade via inhibition of ATIR expression on vascular smooth muscle cells by PPARγ \[[@R10]\]. In this study, no antihypertensive effect was observed after adding PG to basal DPP4I therapy, possibly because the BP was not high at the start of treatment and the number of subjects was small.

There have been various reports about the effects of DPP4Is on BP. GLP1 reduces BP by increasing the production of ANP, causing vasodilation through relaxation of vascular smooth muscle via cGMP, and increasing urinary sodium excretion \[[@R11], [@R12]\]. It was reported that the BP decreased in rats administered sitagliptin \[[@R13]\], but meta-analysis has not found a BP-lowering effect of DPP4I therapy in humans \[[@R14]\]. No antihypertensive effect was observed after adding PG to basal DPP4I therapy in this study, possibly because the Na excretory effect of the DPP4I and Na resorptive effect of PG offset each other, but further examination of this issue is needed.

PG was previously reported to decrease TG and increase HDL-C \[[@R15]\]. Similar changes in HDL-C and TG were confirmed in this study, and the lipid profile was improved along with a decrease in HbA1c. PG has been reported to break down fats through PPARγ activation, thus improving insulin resistance \[[@R16]\]. It has also been reported that the TG-lowering mechanism of TZDs involves changes in lipoprotein lipase (LPL) expression by fat cells \[[@R17]\].

Furthermore, it was reported that the combination of AG with PG increases gastric inhibitory polypeptide (GIP) receptor expression and activity in pancreatic B-cells, as well as improving blood glucose and lipid parameters \[[@R18], [@R19]\]. In a prospective three-arm study of AG monotherapy (25 mg), PG monotherapy (30 mg), and AG + PG combination therapy, HbA1c showed a durable decrease in the combination therapy group and the combination of a DPP4I and PG was concluded to be useful \[[@R20]\]. Thus, glucose metabolism is improved by adding PG to basal DPP4I therapy, as was observed in our study.

In a study conducted in Japan, HbA1c decreased by approximately 1% after treatment with AG (25 mg) was added in patients showing poor glycemic control on PG, and the decrease in HbA1c was greater in the patients with higher baseline HbA1c levels \[[@R21]\]. In the present study, we compared the changes in HbA1c after dividing the subjects into a high HbA1c group (HbA1c ≥ 8.4, n = 7) and a low HbA1c group (HbA1c \< 8.4, n = 12) or into a high BW group (BW ≥ 68.4 kg, n = 9) and a low BW group (BW \< 68.4 kg, n = 10), but no significant differences were observed (data not shown). Based on data from this study, the severity of DM or presence of obesity does not seem to influence the decrease in HbA1c after adding PG to AG.

In patients with NAFLD and elevation of γ-GTP or ALT, the incidence of cardiovascular events is reported to be high \[[@R22], [@R23]\]. A decrease in γ-GTP or ALT was observed in the present study after addition of PG, supporting the decrease in cardiovascular events reported in the PROactive Study \[[@R06]\]. It is considered that obesity underlies NASH, the severe form of NAFLD, which is associated with a high incidence of metabolic syndrome. A meta-analysis of four randomized comparative studies showed that treatment with PG could improve hepatocyte ballooning degeneration, parenchymal inflammation, fatty degeneration, and fibrosis \[[@R24]\]. In our study, no change in the FIB-4 index, a marker of NASH, was observed after addition of PG. It has occasionally been reported that PG therapy is effective for inhibiting hepatic fibrosis. However, a multicenter randomized study conducted in the USA to investigate the histological improvement of NASH with PG treatment found no significant improvement in the PG group compared to the placebo group \[[@R25]\], and although short-term improvement of insulin resistance was observed, the effect did not persist \[[@R26]\].

It is generally expected that switching to a CD will reduce the cost of medications and improve adherence to treatment. It has been reported that adherence was improved in patients with DM by using a CD \[[@R27]\], and good adherence medication improves glycemic control \[[@R28]\]. However, no improvement of adherence to medication was observed after switching to the CD in our study. As an exploratory analysis, we divided the subjects into a good adherence group and a poor adherence group at the first point for comparison of the change in HbA1c, but we found no significant difference between these two groups (data not shown). This outcome may have been related to concomitant lifestyle-related diseases in the majority of subjects, resulting in polypharmacy.

The one of the most impressive points of this study was the very small number of subjects enrolled, since only 20 patients were recruited versus a target of 160. Compared to the CHAT Study using a similar medication for DM that was also conducted at our hospital \[[@R29], [@R30]\], the number of subjects was extremely small. The reason may have been caution regarding the adverse reactions caused by PG, which are reported to include an increase in BW, edema, congestive heart failure (CHF) \[[@R31]\], and an increased risk of fracture \[[@R32]\].

Edema is an especially problematic adverse reaction to PG, which has a relatively high frequency of 8% \[[@R31]\], and occurs because TZDs promote sodium reabsorption by the kidneys. The decrease in Hb and WBC after PG was added in this study is considered to be due to hemodilution resulting from an increase in intravascular fluid.

The specialties of the study doctors may influence selection of medications for DM, e.g. non-cardiologists may hesitate to prescribe PG because of the risk of CHF. Therefore, we investigated the specialties of the doctors participating in three studies on DPP4Is previously conducted at our hospital (CHAT-J, n = 1,153, approval number: R09-21; CHAT-N, n = 203, approval number: R11-013; and CHAT-T, n = 162, approval number: R13-017) and compared them with the doctors involved in this study. Contrary to our expectation, the percentages of doctors specializing in endocrinology/diabetology and cardiology were the same across the three DPP4I studies ([Fig. 3a](#F3){ref-type="fig"}) and the present study employed PG ([Fig. 3b](#F3){ref-type="fig"}). It was also surprising that a large number of registered doctors specialized in gastroenterology. They might have expected a beneficial effect of PG on NAFLD \[[@R33]\]. It is interesting that many doctors not specializing in internal medicine were involved in the previous three DPP4I studies. The probable reason for this finding is that doctors feel safer using DPP4Is because these drugs increase intrinsic incretin activity to regulate insulin and glucagon secretion in a blood glucose-dependent manner, so hypoglycemia is less likely to develop.

![Specialties of doctors registered in previous studies of DPP4Is (CHAT-J, CHAT-N, and CHAT-T) and this study (CHAT-LIO). (a) Specialties of doctors registered in previous studies of DPP4Is (CHAT-J, CHAT-N, and CHAT-T) (n = 1,518). (b) Specialties of doctors registered in this study (CHAT-LIO) (n = 19).](jocmr-11-089-g003){#F3}

Accordingly, there may be different preferences for antidiabetic drugs among the specialties. To investigate this point, we calculated the percentages of different specialties prescribing DPP4I, SGLT2Is, TZDs, or biguanides (BGs) as the main antidiabetic drug in June 2017 ([Fig. 4](#F4){ref-type="fig"}) (approval number: R18-030).

![Proportions of specialties of doctors prescribing DM drugs during 1 month at our hospital. (a) Percentage of doctors in each specialty prescribing DPP4Is (n = 456). (b) Percentage of doctors in each specialty prescribing SGLT2Is (n = 112). (c) Percentage of doctors in each specialty prescribing PG (n = 29). (d) Percentage of doctors in each specialty prescribing BGs (n = 236).](jocmr-11-089-g004){#F4}

While DPP4Is were largely prescribed by doctors specializing in endocrinology/diabetology, these drugs were unexpectedly also prescribed by many doctors who did not specialize in internal medicine ([Fig. 4a](#F4){ref-type="fig"}). It was also surprising that SGLT2Is were mainly prescribed by doctors specializing in cardiology and endocrinology/diabetology ([Fig. 4b](#F4){ref-type="fig"}). The high proportion of cardiologists may have been due to reports that SGLT2I therapy reduced cardiovascular events in the EMPA-REG OUTCOME Study and the CANVAS Study \[[@R34], [@R35]\]. As initially expected, only a small percentage of doctors specializing in endocrinology/diabetology prescribed TZDs compared to other drugs, while the rate of TZD use was relatively high among cardiologists ([Fig. 4c](#F4){ref-type="fig"}). The higher rate of TZD prescription by cardiologists may have occurred because of evidence that TZD inhibits macroangiopathy \[[@R06]\] and because these doctors are not concerned about the development of heart failure. BGs were chiefly prescribed by doctors specializing in endocrinology/diabetology and were less frequently prescribed by cardiologists, probably because tests using contrast medium such as coronary angiography are frequently conducted in cardiology departments ([Fig. 4d](#F4){ref-type="fig"}).

Prescription of PG may also have been reduced by the influence of reports about the risk of bladder cancer. Although an increased risk of bladder cancer due to PG was identified by the results of interim analysis at 5 years in the KPNC epidemiological study, it was not confirmed by the final analysis at 10 years \[[@R36]\]. The pan-European cohort study also found no increased risk of bladder cancer associated with PG therapy \[[@R37]\]. However, the current consensus is that the possibility of PG increasing the risk of bladder cancer has still not been excluded.

This study had some limitations. Because only a small number of subjects were enrolled in this study, effective analysis could not be conducted. The study period is too short for monitoring adverse events and efficacy. This was a single-arm prospective open label study, so future studies with a control group are needed.

Conclusions {#s4a}
-----------

This study confirmed the efficacy of PG for the treatment of type 2 DM in terms of improving glycemic control and systemic metabolism by practitioners. We also found that prescribing trends differed between specialties, possibly because of differences in the emphasis placed on the results of various studies and reports.
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